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57 ABSTRACT 

A polyamideimide for optical communications, having a 
minimum optical loSS in a near infrared light wavelength 
range, high thermal resistance and good film processibility, 
and a method for preparing the same are provided. The 
polyamideimide is very useful as an optical material in the 
optical communications field adopting the light of near 
infrared light wavelength. 
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POLYAMIDEMIDE FOR OPTICAL 
COMMUNICATIONS AND METHOD FOR 

PREPARING THE SAME 

CLAIM OF PRIORITY 

This application makes reference to, incorporates the 
Same herein, and claims all benefits accruing under 35 
U.S.C. S.119 from an application for POLYAMIDEIMIDE 
FOR OPTICAL COMMUNICATIONS AND METHOD 
FOR PREPARING THE SAME earlier filed in the Korean 
Industrial Property Office on the 8th of Dec. 1997 and there 
duly assigned Ser. No. 66743/1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical polymer 
composition, and more particularly to a composition for use 
in optical communications. 

2. Description of the Related Art 
A wavelength range of light of interest in optical com 

munications has shifted from 800 nm to 1,550 nm, which 
belongs to the near infrared wavelength range. Thus, it is 
extremely desirable to manufacture an optical communica 
tion device using a material which minimally absorbS light 
of wavelengths in the near infrared wavelength range. 

In general, for an optical lens or an optical Substrate Such 
as a compact disk a polymer is used. Research is currently 
being conducted into use of Such a polymer as a material for 
an optical waveguide for light propagation in the near 
infrared wavelength range. 

However, most polymers absorb light of 1,000-1,700 nm 
which correspond to the near infrared wavelength range. 
Such absorption of near infrared wavelength by the polymer 
is caused by overtone of harmonics due to Stretching and 
deformation vibrations of carbon to hydrogen bonds (C-H) 
in alkyl, phenyl and other Similar functional groups. Thus, 
using a conventional polymer as a material for an optical 
waveguide in the near infrared wavelength range results in 
a large optical loSS. In order to reduce optical loSS, the light 
absorption wavelength of the polymer should be shifted 
from the near infrared light wavelength region to a longer or 
Shorter wavelength region. To this end, the method of 
Substituting hydrogen of the carbon and hydrogen (C-H) 
bond by fluoride (F) or heavy hydrogen (D) has been 
Suggested. 

The method of substituting the hydrogen of C-H bond 
by D does not yield a material suitable for an optical 
communications device at the wavelength of 1,500 nm 
because the material having carbon and heavy hydrogen 
(C-D) bond absorbs much light of 1,500 nm. On the other 
hand, the method of Substituting the hydrogen by F can 
minimize optical loSS in light absorption at a wavelength of 
1,000–1,700 nm. 
Another requirement of an optical material for manufac 

turing an optical device Such as an opto-electronic integrated 
circuit (OEIC), an opto-electrical mixed wiring board 
(OEMWB), a hybrid integration device, a plastic optical 
fiber or a multi-chip module (MCM) is thermal stability at 
250 C. lasting at least for 30 minutes. Because such thermal 
resistance of the optical material is very important, glass 
transition temperature, thermal decomposition temperature, 
thermal expansion coefficient and birefrigence of the optical 
material should be carefully considered. 

Polyimide has been well known as a polymer having 
excellent thermal Stability. Since polyimide is stable at a 
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2 
high temperature of about 400 C., great efforts to utilize 
polyimide as a material for optical communications have 
been consistently made. However, generally, Since a con 
ventional polyimide has many C-H bonds in its molecule 
Structure, it exhibits a large optical absorption loSS in the 
near infrared region. To overcome this problem, recently, a 
method in which hydrogen in C-H bonds of a polyimide is 
partially or entirely substituted by fluoride has been pro 
posed. 

However, if hydrogen is substituted by fluorine, the 
refractive index of the polymer is decreased. Here, the 
content of fluoride in the polymer is proportional to the 
decrease in the value of the refractive index. Thus, Since a 
polyimide obtained by Substituting hydrogen in the C-H 
bonds by fluoride, that is, a fluorinated polyimide, has a low 
refractive index, in the case of using the Same as a core, the 
range of Selection of materials capable of being used for 
cladding becomes narrow. 

Also, the higher the content of fluoride in the polyimide 
is, the lower the Surface tension of a composition containing 
the polyimide is. Thus, it is difficult to coat Such a compo 
Sition on a Substrate and the adhesion of a film comprised of 
the composition is poor. As a result, film characteristics are 
deteriorated and the film formed thereby is very fragile. 

SUMMARY OF THE INVENTION 

Therefore it is an object to the president mentioned to 
provide improved optical polymer material. 

It is a further object of the present invention to provide an 
improved optical polymer material for use with near infrared 
light. 

It is a still further object to provide an optical polymer 
material with low light loSS at near infrared wavelengths. 

It is a yet further object to provide an optical material with 
high thermal stability. 

It is a still yet further object to provide an optical material 
with a suitable refractive index for use in an optical fiber. 

It is another object to provide an optical material with 
Suitable adhesion characteristics for preparation of optical 
films. 

It is yet another object to provide an optical material with 
excellent processing characteristics and robustness. 
To achieve the above objects, the present invention pro 

vides polyamideimides for optical communications, which 
have a minimum optical loSS in a near infrared light wave 
length range, high thermal Stability at a temperature of 200 
C. or higher and good film processibility. In addition, the 
present invention provides a method for preparing the polya 
mideimides for use in optical communications. 

Specifically, there are provided polyamideimides com 
prising a monomer represented by the formula (1) as a 
repeating unit: 

(1) 

X3 O 

X2 

N-7, 

HN-C 

| O 
O X1 

wherein X, X and X are independently Selected from the 
group consisting of halogen atom, halogenated alkyl group, 
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halogenated aromatic ring group, —No. -OR" and—SR', 
and (where R is a halogenated alkyl or halogenated aro 
matic ring groups), and Z is selected from the group con 
Sisting of divalent halogenated aliphatic hydrocarbon, diva 
lent halogenated aliphatic cyclic hydrocarbon or divalent 
halogenated aromatic hydrocarbon. Here, divalent means 
that the group is a radical with two positions for bond 
formation. 

Preferably, X, X and X are the Same and Selected from 
the group consisting of chlorine, partially chlorinated or 
perchlorinated alkyl group, partially chlorinated or perchlo 
rinated aromatic ring group, partially chlorinated or perchlo 
rinated alkoxy group, and partially chlorinated or perchlo 
rinated phenoxy group. 

Also, Z is preferably Selected from the group consisting of 
divalent halogenated aliphatic hydrocarbon of C-Cs, diva 
lent halogenated aliphatic aromatic hydrocarbon of C-C, 
and divalent halogenated aromatic hydrocarbon of C-Cs. 
In particular, Z is preferably represented by one of the 
following formulas: 

C -O-O- 
wherein Y1, Y2, Y, Y, Ys, Y, Y, and Ys are independently 
Selected from the group consisting of halogen atom, halo 
genated alkyl group, halogenated aromatic ring group, 
-NO,--OR and -SR", where R is a halogenated alkyl 
group or a halogenated aromatic ring group; and Q is a 
Simple chemical bond or is Selected from the group consist 
ing of-O-, -CO-, -SO-, -S-, -(OT), -(TO) 
- and -(OTO), , (where T is a halogenated alcylene or 

halogenated arylene group and m is an integer from 1 to 10). 
The formulation above indicates that the Substitution isom 
erism around the benzene rings is unspecified. 
To achieve the objects of the invention, there is addition 

ally provided a method for preparing a polyamideimide for 
optical communications, comprising the Steps of 

(a) reacting 3,5,6-trialkyl-4-halogenformyl-1,2-phthalic 
acid anhydride, A, with diamine compound, B, at -20-50 
C., and then precipitating the reaction mixture using distilled 
water or an organic Solvent, to obtain polyamideamic acid as 
an intermediate; and 

(b) imidizing the polyamideamic acid; where A and B are: 

A. 

X2 

O 

Y-C 

| O 
O X1 

B 

NH- Z-NH 

wherein X, X, and X are independently Selected from the 
group consisting of halogen atom, halogenated alkyl group, 
halogenated aromatic ring group, —NO2, —OR" and 
—SR', where R is a halogenated alkyl group or a haloge 
nated aromatic ring group; Z is Selected from the group 
consisting of divalent halogenated aliphatic hydrocarbon, 
divalent halogenated aliphatic cyclic hydrocarbon and diva 
lent halogenated aromatic hydrocarbon; and Y is a halogen 
atOm. 
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4 
In step (a), 3,5,6-trialkyl-4-halogenformyl-1,2-phthalic 

acid compound A, is preferably reacted with diamine 
compound, B, at a temperature in the range of approximately 
5-20 C. for a period in the range of approximately 100-230 
hours. Imidization of the polyamideamic acid into the polya 
mideimide in the step (b) can be performed by a chemical 
method or a thermal method. In the chemical method, 
preferably, the polyamideamic acid is mixed with acetic 
anhydride and pyridine and then heated at 60-150° C., or 
toluene is added to the polyamideamic acid and then heated 
to a boiling point of the toluene. In the thermal method, 
preferably, the polyamideamic acid is heated by Steps within 
a temperature range of 50-400 C. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In a polyamideimide of the present invention, preferably 
X, XX and X and are the same and Selected from the 
group consisting of chlorine, partially chlorinated or per 
chlorinated alkyl group, partially chlorinated or perchlori 
nated aromatic ring group, partially chlorinated or perchlo 
rinated alkoxy group, and partially chlorinated or 
perchlorinated phenoxy group. 

Such a polyamideimide has a higher refractive indeX than 
a conventional polyimide containing fluorinated Substituent. 
If the polyamideimide is used as a core in an optical device, 
the options for materials for a cladding of a optical device 
are increased. Also, problems arising in the conventional 
polyimide containing fluorinated Substituent, that is, low 
adhesion and coating property on a Substrate due to a low 
Surface tension, can be Solved by using the polyamideimide. 

In a polyamideimide according to the present invention, 
light absorption is minimized in the near infrared wave 
length range, specifically in the range of 1000-1700 nm 
which corresponds to an optical communications wave 
length range, due to overtone of -OH and -CH. The 
polyamideimide having C-Cl bond is very useful for use in 
a polymer for optical waveguiding in the field of optical 
communications, because the optical absorption loSS by the 
C-Cl bond is lower than that by C-F bond. Although 
Some optical absorption loSS can be generated due to over 
tone by -NH bond in the polyamideimide according to the 
present invention, at the wavelength range for optical 
communications, the polyamideimide with a limited number 
of -NH bonds existing in its molecular structure is an 
excellent optical material in birefringence and thermal 
expansion in View of its flexible molecular Structure, com 
pared to the conventional polyimide. 

In a polyamideimide according to the present invention, H 
of C-H bond is substituted by halogen atom or nitro group. 
Here, the halogen atom substituting for H is not limited to 
a specific halogen atom, and combinations of various halo 
gen atoms are possible. 

Hereinafter, a method for preparing polyamideimide 
according to the present invention will be described. A 
method for preparing 3,6-trialkyl-4-halogenformyl-1,2- 
phthalic acid anhydride, A, will be described with reference 
to the reaction formula shown below. 1,2,4- 
trimethylbenzene, C, is reacted with a halogenated com 
pound Such as hydrogen bromide, hydrogen chloride or 
hydrogen fluoride, or a nitration agent Such as nitric acid to 
prepare 3,5,6-trialkyl-1,2,4-trimethylbenzene, D. 3,5,6- 
trialkyl-1,2,4-trimethylbenzene, D, is oxidized by various 
oxidation methods using a transition metal catalyst, potas 
Sium permanganate or nitric acid, to obtain 3,5,6- 
trialkylbenzene-1,2,4-tricarboxylic acid, E. The 3,5,6- 
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trialkylbenzene-1,2,4-tricarboxylic acid, E, is reacted with 
acetic acid and acetic anhydride to prepare 3,5,6-trialkyl-4- 
carboxylic acid-1,2-phthalic anhydride, F, and compound F 
is reacted with a halogenated compound Such as thionyl 
chloride to prepare 3,5,6- trialkyl-4-halogenformyl-1,2- 
phthalic anhydride, A. 

CH 

Ha 

HC CH 
C 

X3 

X2 CH 
Her 

HC CH 

X1 

D 

X3 

X2 COOH 

(Ac)2O 
He 
AcOH 

COOH COOH 

X1 

E 

X 
3 O 

X2 

O He 

COOH 

O 
X1 

F 

X 
3 O 

X2 

O 

Y-C 

| O 
O X1 

A. 

In the reaction formula, X, X and X are independently 
Selected from the group consisting of halogen atom, halo 
genated alkyl group, halogenated aromatic ring group, 
-NO, -OR" and -SR' where R' is a halogenated alkyl 
group or a halogenated aromatic ring group, Z is Selected 
from the group consisting of divalent halogenated aliphatic 
hydrocarbon, divalent halogenated aliphatic cyclic hydro 
carbon or divalent halogenated aromatic hydrocarbon, and Y 
is a halogen atom. 

The synthesis conditions of the above-described 3,5,6- 
trialkyl-4-halogenformyl-1,2-phthalic anhydride, A, will 
now be described in detail. 1,2,4-trimethylbenzene and 
iodine are dissolved in chloroform, a halogenated compound 
Such as hydrogen bromide, hydrogen chloride or hydrogen 
fluoride, or a nitration agent Such as nitric acid is added 
thereto, and then reacted violently at 0-40 C. for 15 
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minutes to 24 hours. The precipitate formed in the reaction 
mixture is filtered to obtain 3,5,6-trialkyl-1,2,4- 
trimethylbenzene. 

Pyridine and water are added to the 3,5,6-trialkyl-1,2,4- 
trimethylbenzene and heated at 100° C., potassium perman 
ganate is added thereto and reacted at 50-115 C. for 2 to 24 
hours. While the reaction mixture is hot, it is filtered and 
then distilled under vacuum to remove pyridine from the 
reaction mixture. 

Water and sodium hydroxide are added to the resultant 
which is then heated at 50-100° C., and potassium perman 
ganate is added thereto and the mixture allowed to react for 
2 to 24 hours. Subsequently, the resulting mixture is acidi 
fied using a 5N-HCl solution, and then the solvent is distilled 
to obtain 3,5,6-trialkylbenzene-1,2,4-tricarboxylic acid. 

Acetic acid and acetic anhydride are added to the 3,5,6- 
trialkylbenzene-1,2,4-tricarboxylic acid, and this is then 
reacted at 50-130 C. for 30 minutes to 24 hours, to obtain 
3,5,6-trialkyl-4-carboxylic acid-1,2-phthalic anhydride. 
A halogenation reagent Such as thionyl chloride is added 

to the 3,5,6-trialkylalkyl-4-carboxylic acid-1,2-phthalic 
anhydride, and is reacted for 30 minutes to 48 hours to 
obtain 3,5,6-trialkyl-4-halogenformyl-1,2-phthalic anhy 
dride. 
To prepare a polyamideimide, first, the 3,5,6-trialkyl-4- 

halogenformyl-1,2-phthalic anhydride, A, and a diamine 
compound, B, are dissolved in a polar Solvent, and reacted 
at -20-50 C. for 300 hours. Here, as the polar solvent, 
N,N-dimethylformamide, N,N-dimethylacetamide, N,N- 
dimethylsulfoxide or N-methyl-2-pyrrollidone is used. 

A. 

X3 O 

X2 

O 

Y-C 

| O 
O X1 

B 
NH- Z-NH 

The reaction mixture is precipitated in distilled water or 
an organic Solvent Such as methylalcohol, to form polya 
mideamic acid that is an intermediate. The polyamideamic 
acid is imidized to prepare the polyamideimide. 

Imidization of the polyamideamic acid into the polyami 
deimide can be performed by a chemical method or a 
thermal method. In the chemical method, acetic anhydride 
and pyridine are added to a mixture containing 3,5,6- 
trialkyl-4-halogenformyl-1,2-phthalic anhydride, A, and a 
diamine compound, B, and heated at 60-150° C. Otherwise, 
toluene is added to the mixture containing the 3,5,6-trialkyl 
4-halogenformyl-1,2-phthalic anhydride, A, and a diamine 
compound, B, and heated to the boiling point of toluene. In 
the thermal method, the polyamideamic acid is heated by 
steps within a temperature range of approximately 50-400 
C. Imidization of polyamideamic acid into polyamideimide 
can be measured by a thermogravimetry analysis (TGA) 
method at 200-250 C., and thermal decomposition occurs 
at 300–500° C. specifically at 375-425° C. 
The polyamideimide according to the present invention, 

obtained by the above method, has a glass transition tem 
perature of 220-320° C. and a molecular weight of 5x10 
4x10 Dalton. Here the molecular weight of the polyami 
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deimide is determined using gel permeation 
chromatography. 

The diamine compound, B, is not limited to a specific 
compound. For example, the diamine compound B may be 
a bis(perfluorophenyl)alkane, bis(perfluorophenyl)sulfone, 
bis,perfluorophenyl)ether or C.C.'-bis(perfluorophenyl) 
diisopropylbenzene. Examples of diamine compound B 
include tetrafluoro-1,2-phenylenediamine, tetrafluoro-1,3- 
phenylen diamine, tetafluoro-1,4-phenyldiamine, 
tetrachloro-1,2-phenylene diamine, tetrachloro-1,3- 
phenylene diamine, tetrachloro-1,4-phenylene diamine, 
hexafluoro-1,5-diaminonaphthalene, hexafluoro-2,6- 
diaminonaphthalene, 3-trifluoromethyltrifluoro-1,2- 
phenylene diamine, 4-trifluoromethyltrifluoro-1,2- 
phenylene diamine, 2-trifluoromethyltrifluoro-1,3- 
phenylene diamine, 4-trifluoromethyltrifluoro-1,3- 
phenylene diamine, 5-trifluoromethyltrifluoro-1,3- 
phenylene diamine, 2-trifluoromethyltrifluroo -1,4- 
phenylene diamine, 3-pentafluoroethyltrifluoro-1,2- 
phenylene diamine, 4-pentafluoroethyltrifluoro-1,2- 
phenylene diamine, 2-pentafluoroethyltrifluoro-1,3- 
phenylene diamine, 4-pentafluoroethyltrifluoro-1,3- 
phenylene diamine, 5-pentafluoroethyltrifluoro-1,3- 
phenylene diamine, 2-pentafluoroethyltrifluoro-1,4- 
phenylenediamine, 3,4-bis(trifluoromethyl)difluoro-1,2- 
phenylenediamine, 3,5-bis(trifluoromethyl)difluoro-1,2- 
phenylenediamine, 2,4-bis(trifluoromethyl)difluoro-1,3- 
phenylenediamine, 4,5-bis(trifluoromethyl)difluoro-1,3- 
phenylenediamine, 2,3-bis(trifluoromethyl)difluoro-1,4- 
phenylenediamine, 2,5-bis(trifluoromethyl)difluoro-1,4- 
phenylenediamine, 3,4-bis(trifluoromethyl)difluoro-1,2- 
phenylene diamine, 3-trifluoromethoxytrifluoro-1,2- 
phenylene diamine, 4-trifluoromethoxytrifluoro-1,2- 
phenylene diamine, 2-trifluoromethoxy trifluoro 1,3- 
phenylene diamine, 4-trifluoromethoxytrifluoro-1,3- 
phenylene diamine, 5-trifluoromethoxy trifluoro-1,3- 
phenylene diamine, 2-trifluoromethoxyt fluoro-1,4- 
phenylenediamine, 3,4,5-tris(trifluoromethyl)fluoro-1,2- 
phenylenediamine, 3,4,6-tris(trifluoromethyl)fluoro-1,2- 
phenylene diamine, phenylene diamine, 2,4,5-tris 
(trifluoromethyl)fluoro-1,3-phenylene diamine, 2,4,6-tris 
(trifluoromethyl)fluoro-1,3-phenylenediamine, 4,5,6-tris 
(trifluoromethyl)fluoro-1,3-phenylene diamine, tetrakis 
(trifluoromethyl)-1,2-phenylene diamine, tetrakis 
(trifluoromethyl)-1,3-phenylene diamine, tetrakis 
(trifluoromethyl)-1,4-phenylene diamine, 3,3'- 
dia mino octafluorobip he nyl, 3,4'- 
diaminooctafluorobiphenyl,4,4'-diaminooctafluorobiphenyl, 
3,3'-dia mino octa chlorobip he nyl, 3,4'- 
dia mino octa chlorobip he nyl, 4,4'- 
diaminooctachlorobiphenyl, 2,2'-bis(trichloromethyl)-4,4'- 
diaminohexachlorobiphenyl, 3,3'-bis(trichloromethyl)-4,4'- 
diaminohexafluorobiphenyl, bis(4-amiotetrafluorophenyl) 
dichloromethane, 1,2-bis(4-aminotetrafluorophenyl) 
tetrachloroethane, 2,2-bis(4-aminote trafluorophenyl) 
hexachloropropane, 2,2'-bis(trifluoromethyl)-4,4'- 
diaminohexachlorobiphenyl, 3,3'-bis(trifluoromethyl)-4,4'- 
diaminohexafluorobiphenyl, bis(4-aminotetrafluorophenyl) 
difluoromethane, 1,2-bis(4-aminote trafluorophenyl) 
tetrachloroethane, 2,2-bis(4-aminote trafluorophenyl) 
hexafluoropropane, bis(3-aminotetrafluorophenyl)ether, 
3,4'-dia mino octafluorobiphenyle ther, bis(4- 
a mino te trafluorophenyl) e ther, bis (3- 
a mino tetra chlorophenyl)ether, 3,4'- 
dia mino octa chlorobiphenyle ther, bis(4- 
a mino tetra chlorophenyl)ether, 3,3'- 
dia mino octafluorobe in Zophe none, 3,4'- 
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8 
dia mino octafluorobe in Zophe none, 4,4'- 
dia mino octafluorobe in Zophe none, bis (3- 
a mino tetra fluorophenyl)sulfone, 3,4'- 
diamino octafluorobiphenylsulfone, bis(4- 
a mino tetra fluorophenylsulfone), bis (3- 
a mino tetra fluorophenyl)sulfide, 3,4'- 
dia mino octafluorobip he nyl Sulfide, bis(4- 
a mino te trafluorophenyl)sulfide, 
4- a mino tetra fluorophe no Xy - 4'- 
a minote trafluorophenyl difluorome thane, bis(4- 
aminote trafluorophenoxy)difluoromethane, 1,2-bis(4- 
aminotetrafluorophenoxy)tetrafluoroethane, 2,2-bis(4- 
aminote trafluorophenoxy) hexafluoropropane, bis(4- 
aminote trafluorophenoxy)dichloromethane, 1,2-bis(4- 
aminotetrafluorophenoxy)tetrachloroethane, 2,2-bis(4- 
aminote traflurophenoxy) hexachloropropane, 4,4'- 
dia mino do de cafluoro-p-terp he nyl, 2',3'-bis 
(trifluoromethyl)-4,4"-diamino-p-terphenyl,2,2"-bis 
(trifluoromethyl)-4,4"-diamino-p-terphenyl, 2',5'-bis 
(trifuoromethyl,)-4,4'-diamino-p-tier phenyl, 2,7- 
dia mino hexafluoro diben Zofuran, 1,4-bis(4- 
aminote trafluorophenoxy) tetrafluorobenzene, 2,6- 
dia mino he X a fluoro naphthal ene, 2,7- 
dia mino octafluorophen anth rene, 2, 6 
diaminooctafluoroanthracene, 2,7-diaminohexathianthrene, 
2, 6 - diami no he X a fluoro anthra quin one, 2, 6 - 
dia mino he X a fluorobiphenylene, 2, 6 
diaminooxtafluoroanthrone,2,7-diaminotetrafluorodibenz 
Ib, e1,4-dioxane, 2,2'-bis(4-amin op he nyl) 
hexafluorop rop a ne, 2,2'-bis(4-amino phenyl) 
hexachloropropane, 2,4-diaminobenzotrifluoride, 2,2-bis 
(trifluoromethyl)benzidine, 2,2-bis(4-(4-amino-2- 
trifluorophenoxy)phenylhexafluoropropane, 2,2-bis(4-(4- 
amino-2-trifluorophenoxy)phenylhexachloropropane,3,4- 
diaminobenzotrifluoride,3,5-diaminobenzotrifluoride, 2.5- 
diaminobenzotrifluoride, 2,2-bis 4-(4-aminophenoxy) 
phenylhexafluoropropane, 2,2-bis(4-(4-amino phenoxy) 
phenylhexachloropropane, or 3,4-diamino-1- 
fluorobenzene. 

Hereinafter, the present invention will be described in 
detail through the following examples. However, the present 
invention is not limited to the following examples. 

EXAMPLE 1. 

0.001 mol of 3,5,6-trichloro-4-chloroformyl-1,2-phthalic 
acid anhydride, 0.001 mol of 1,3-phenylenediamine and 3 
ml of N,N-dimethylacetamide were reacted under a nitrogen 
atmosphere at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
and heated to 250° C., resulting in polyamideimide PAI (1) 
(yield: 90%). 

EXAMPLE 2 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 4,4'- 
diaminobiphenyl and 4 ml of N,N-dimethylacetamide was 
reacted under a nitrogen atmosphere at room temperature for 
7 days. 
The reaction mixture was added to distilled water to 

obtain a precipitate. Then, the obtained precipitate was 
filtered and washed with distilled water several times. The 
resultant was dried in a vacuum oven set to 60° C. for 24 
hours, and heated to 250 C., resulting in polyamideimide 
PAI (2) (yield: 88%). 
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EXAMPLE 3 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 1,5- 
diaminonaphthalene and 4 ml of N,N-dimethylacetamide 
was reacted under a nitrogen atmosphere at room tempera 
ture for 9 days. 

The reaction mixture was added to distilled water to form 
a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (3) (yield: 84%) 

EXAMPLE 4 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 
tetrafluoro-1,3-phenylenediamine and 5 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (4) (yield: 85%) 

EXAMPLE 5 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 4,4'- 
diamino octafluorobiphenyl and 3 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (5) (yield: 83%) 

EXAMPLE 6 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of bis 
(4-aminophenyl) methane and 4 ml of N,N- 
dimethylacetamide was reacted at room temperature for 9 
days. 

The reaction mixture was added to distilled water to form 
a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours. 
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The obtained product was heated to 250 C., resulting in 
polyamideimide PAI (6) (yield: 82%) 

EXAMPLE 7 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of bis 
(4-aminotetrafluorophenyl)difluoromethane and 3 ml of 
N,N-dimethylacetamide was reacted at room temperature 
for 9 days. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 
The reaction mixture was mixed with distilled water to 

form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (7) (yield: 80%). 

EXAMPLE 8 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 2,2- 
bis (4-aminophenyl) propane and 3 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 
The reaction mixture was mixed with distilled water to 

form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (8) (yield: 81%). 

EXAMPLE 9 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 2,2- 
bis (4-aminophenyl) hexachloropropane and 4 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours 
and heated to 250° C., resulting in polyamideimide PAI (9) 
(yield: 80%). 

EXAMPLE 10 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 2,2- 
bis (4-aminotetrafluorophenyl) hexafluoropropane and 3 ml 
of N,N-dimethylacetamide was reacted under a nitrogen 
atmosphere at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours 
and heated to 250° C., resulting in polyamideimide PAI (10) 
(yield: 73%). 
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EXAMPLE 11 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 2,2'- 
bis(4-aminotetrafluorophenyl) hexachloropropane and 5 ml 
of N,N-dimethylacetamide was reacted under a nitrogen 
atmosphere at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours 
and heated to 250° C., resulting in polyamideimide PAI (11) 
(yield: 75%). 

EXAMPLE 12 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of bis 
(4-aminophenyl) ether and 5 ml of N,N-dimethylacetamide 
was reacted under a nitrogen atmosphere at room tempera 
ture for 9 days. 

The reaction mixture was added to distilled water to form 
a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours 
and heated to 250° C., resulting in polyamideimide PAI (12) 
(yield: 88%). 

EXAMPLE 13 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of bis 
(4-aminotetrachlorophenyl) ether and 5 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 days. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (13) (yield: 81%). 

EXAMPLE 1.4 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of bis 
(4-aminotetrafluoro) sulfone and 5 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 
The reaction mixture was added to distilled water to form 

a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (14) (yield: 61%). 

EXAMPLE 1.5 

A mixture containing 0.001 mol of 3,5,6-trichloro-4- 
chloroformyl-1,2-phthalic acid anhydride, 0.001 mol of 2,2'- 
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bis (4-trifluoromethyl) benzidine and 5 ml of N,N- 
dimethylacetamide was reacted under a nitrogen atmosphere 
at room temperature for 9 dayS. 

The reaction mixture was added to distilled water to form 
a precipitate. The obtained precipitate was filtered and 
washed with distilled water several times. Then, the result 
ant was dried in a vacuum oven set to 60° C. for 24 hours, 
acetic anhydride and pyridine were then added thereto and 
heated. 

The reaction mixture was mixed with distilled water to 
form a precipitate, and the precipitate was filtered. The 
resultant was washed with distilled water Several times, and 
dried in a vacuum oven set to 60° C. for 24 hours, resulting 
in polyamideimide PAI (15) (yield: 73%). 

Thermal Stability, optical loSS at a near infrared wave 
length range of 1,000-1,700 nm, and film processibility of 
each of the polyamideimides PAI (1) through (15) synthe 
sized by Examples 1 through 15 were measured. The ther 
mal Stability of the polyamideimides was measured using a 
thermogravimetry analysis (TGA) method. As a result, it 
could be seen that the thermal stability was good from the 
fact that the PAIS 1 through 15 were thermally-decomposed 
at 350-450° C. Also, it was observed that the optical loss of 
the polyamideimide was similar to or less than the conven 
tional perfluorinated polyimide. 

Also, Since the conventional partially fluorinated or per 
fluorinated polyamideimide had a very poor film 
processibility, it is impossible to use Substantially it for an 
optical material. On the other hand, the polyamideimides 
obtained by Examples 1 through 15 had an improved film 
processibility compared to the conventional polyimide. 

The polyamideimide according to the present invention 
has a higher refractive index than the conventional fluori 
nated polyimide. Thus, when using Such polyamideimide as 
a material for a core of an optical waveguide, the Selection 
range on the material for cladding becomes wide. Also, the 
coating property and adhesion to a Substrate are improved 
compared to the conventional polyimide, thereby providing 
a good film processibility and thermal Stability. 

Also, Since the polyamideimide according to the present 
invention can minimize optical loSS at a near infrared 
wavelength range, the polyamideimide of the present inven 
tion is very useful as an optical material in the optical 
communications field adopting the light of near infrared 
wavelength. 

That is, the polyamideimide according to the present 
invention can be used as a functional polymeric material 
having a low optical loSS characteristic which is essential for 
manufacturing an optical device for optical waveguiding, 
Such as optoelectronic integrated circuit (OEIC), opto 
electrical mixed wiring board (OEMWB), hybrid integration 
device, multi-chip module (CM) or plastic optical fiber. 

What is claimed is: 
1. A polyamideimide for optical communications, com 

prising a monomer represented by the formula: 
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X3 O 

X2 

N-Z, 

HN-C 

| O 
O X1 

as a repeating unit; wherein X, X and X are independently 
Selected from the group consisting of halogen atom, halo 
genated alkyl group, halogenated aromatic ring group, 
-NO,--OR" and -SR", where R' is a halogenated alkyl 
group or a halogenated aromatic ring group; and where Z is 
Selected from the group consisting of divalent halogenated 
aliphatic hydrocarbon, divalent halogenated aliphatic cyclic 
hydrocarbon or divalent halogenated aromatic hydrocarbon. 

2. The polyamideimide according to claim 1, wherein X, 
X- and X are the same and Selected from the group 
consisting of chloride, partially chlorinated or perchlori 
nated alkyl group, partially chlorinated or perchlorinated 
aromatic ring group, partially chlorinated or perchlorinated 
alkoxy group, and partially chlorinated or perchlorinated 
phenoxy group. 

3. The polyamideimide according to claim 1, wherein Z is 
Selected from the group consisting of divalent halogenated 
aliphatic hydrocarbon of C-Cs, divalent halogenated ali 
phatic aromatic hydrocarbon of C-Cs, and divalent halo 
genated aromatic hydrocarbon of C-Cs. 

4. The polyamideimide according to claim 1, wherein Z is 
represented by the following formula: 

wherein Y1, Y, Y, and Y are independently Selected from 
the group consisting of halogen atom, halogenated alkyl 
group, halogenated aromatic ring group, -NO,--OR and 
—SR', where R is a halogenated alkyl group or a haloge 
nated aromatic ring group. 

5. The polyamideimide according to claim 1, wherein Z is 
represented by the following formula: 

Y-2 R-6 
7 N 
ly 2 

a1 a 
Y Y- Y7 Ys 

wherein Y1, Y, Y, Y, Ys, Y, Y, and Ys are independently 
Selected from the group consisting of halogen atom, halo 
genated alkyl group, halogenated aromatic ring group, 
-NO,--OR" and -SR", where R' is a halogenated alkyl 
group or a halogenated aromatic ring group; and Q is a 
Simple chemical bond or Selected from the group consisting 
of -O-, -CO-, -SO-, -S-, -(OT)m-, and 
-(OTO)m-, where T is a halogenated alkylene or halo 
genated arylene group and m is an integer in the range of 1 
to 10. 

6. The polyamideimide of claim 1, wherein the polyami 
deimide has a molecular weight in the range of approxi 
mately 1x10" to 4.5x10" Dalton. 
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7. The polyamideimide of claim 1, wherein the polyami 

deimide has a thermal decomposition temperature in the 
range of approximately 300-500 C. 

8. The polyamideimide of claim 1, wherein the polyami 
deimide has a glass transition temperature in the range of 
approximately 220-320 C. 

9. A method for preparing a polyamideimide for optical 
communications, comprising the Steps of: 

(a) reacting a 3,5,6-trialkyl-4-halogenformyl-1,2-phthalic 
acid anhydride of formula: 

O 

X2 

O 

Y-C 

| O 
O X1 

with a diamine compound of formula: 

at a temperature in the range of approximately -20 to 50 C., 
and then precipitating the reaction mixture using distilled 
water or an organic Solvent, to obtain a polyamideamic acid 
as an intermediate; and 

(b) imidizing the polyamideamic acid; 
wherein X, X and X are independently Selected from 

the group consisting of halogen atom, halogenated 
alkyl group, halogenated aromatic ring group, -NO, 
-OR and -SR', where R is a halogenated alkyl 
group or a halogenated aromatic ring group; Z is 
Selected from the group consisting of divalent haloge 
nated aliphatic hydrocarbon, divalent halogenated ali 
phatic cyclic hydrocarbon and divalent halogenated 
aromatic hydrocarbon; and Y is a halogen atom. 

10. The method of claim 9, wherein in step (a), said 
3,5,6-trialkyl-4-halogenformyl-1,2-phthalic acid is reacted 
with Said diamine compound at a temperature in the range of 
approximately 5 to 20 C. for a time period in the range of 
approximately 100-230 hours. 

11. The method of claim 9, wherein in the step (b), said 
polyamideamic acid is either: 
mixed with acetic anhydride and pyridine and then heated 

at a temperature of approximately 60 to 150° C.; 
or toluene is added to the polyamideamic acid and the 

mixture heated to the boiling point of the toluene. 
12. The method of claim 9, wherein in the step (b), said 

polyamideamic acid is heated by Steps in a temperature 
range of between approximately 50 and 400° C. 

13. A polymer made by a proceSS comprising the Steps of: 
allowing 3,5,6-trichloro-4-chloroformyl-phthalic acid 

anhydride to react for an amount of time with a diamine 
compound in the presence of N,N-dimethylacetamide, 
and under nitrogen atmosphere, to create a reaction 
mixture; 

adding Said reaction mixture to a polar Solvent, collecting 
a precipitate, and washing the precipitate, 

drying Said precipitate, and 
imidizing Said precipitate to form a polyamideimide. 
14. The polymer of claim 13, where said diamine com 

pound is a compound Selected from the group consisting of 
1,3-phenylene diamine, 4,4'-diaminobiphenyl, 1,5- 
diaminonaphthalene, tetrafluoro-1,3-phenylene diamine, 
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4,4'-diamino octafluorobiphenyl, bis(4-aminophenyl) hexachloropropane, bis(4-aminophenyl)ether, bis(4- 
methane, bis(4-aminotetrafluorophenyl)difluoromethane, aminote trafluorophenyl)ether, bis(4-aminote trafluoro) 
2,2-bis(4-aminophenyl)propane, 2,2-bis(4-aminophenyl) sulfone and 2,2'-bis(4-7trifluoromethyl)benzidine. 
hexachloropropane, 2,2-bis(4-aminotetrafluorophenyl) 
hexafluoropropane, 2,2-bis(4-aminotetrafluorophenyl) k . . . . 


